Starting from 2-imino-N-phenyl-2H-chromene-3-carbox-amide, (1) a series of functionalized chromenes were achieved; such as, 2-ethoxy-2,3-dihydro-3-phenylchromeno[2,3-d]pyrimidin-4-one (2), and 2-hydrazinyl-2,3-dihydro-3-phenylchromeno-[2,3-d]pyrimidin-4-one (3). Furthermore, reactions of (3) with some of laboratory available compounds gave pyrazoles (4 -9, 12, 13a, 13b), tetrazoles (11) (32a, b) , 3-chloro-4-(2-imino-2H-chromen-3-yl)-1-phenyl-4-(phenylamino) azetidin-2-one (34a-34e) and 2-(2-imino-2H-chromen-3-yl)-3-phenyl-2-(phenyl amino)thiazolidin-4-onee (35a -35e) . The structures of these compounds were established by elemental analysis, IR, MS and NMR spectral analysis.
Introduction
Natural and synthetic coumarin derivatives represent, nowadays, an important group of organic compounds that are used as antibiotics [1, 2] fungicides [3] anti-inflammatory [4] , anticoagulant [5] and antitumor agents [6, 7] . Regarding their high fluorescence ability, they are widely used as optical whitening agents, brighteners, laser dyes and also as fluorescent probes [8] in biology and medicine [9] . Also, The 4 H-chromene derivatives ethyl 4-((ethoxycarbonyl) (cyano) methyl)-2-amino-6-bromo-4H-chromene-3-carboxylate (HA 14-1) has demonstrated promising antifungal activities [10] , antiviral agent [11] , antiproliferation agent [12] . Due to the unique biological and pharmacological activity, chromene derivatives have attracted considerable attention thus; different processes for the synthesis of chromenes have been reported during the past few years. The importance of the chromone nucleus is evidenced by the continued appearance of new and improved methods for their synthesis, despite the several existing methods for the synthesis of chromene derivatives [13] [14] [15] [16] [17] [18] [19] [20] , there still is demand for general synthetic strategies which can efficiently provide variously substituted chromene systems.
Experimental

Instruments
All melting points are measured using Galenkanp melting point apparatus and are uncorrected. Elemental analyses were carried out at the Microanalytical Center of Cairo University. IR (KBr pellets υ = cm -1 ) spectra were determined in 1650 FT-IR instrument (Cairo University), 1H-NMR spectra (δ = ppm) were accomplished using 300 MHz NMR Spectrometer and mass spectroscopy were recorded on GCMS-QP-1000 EX spectrometer (Cairo University). 
Preparation of 3-amino-3-(3-amino-5-oxo-1-(4-oxo-3-phenyl-3,4-dihydro-2H-chromeno[2,3-d]pyrimidin-2-yl)-1H-pyrazol-4(5H)-ylidene)propanenitrile (5), and its derivatives, (7 -10, 12, 13a, b).
General procedure: To a solution of hydrazide 3 (3.06 g, 0.01 mol) and ethyl 3-amino-2,4-dicyanobut-2-enoate (1.79 mL, 0.01 mol) in 30 mL ethanol containing 0.1 mL piperidine was refluxed for 6 h. then allowed to cool. The formed solid was filtered off, washed with methanol to afford the pyrazoile derivative 5. Analogously, diethyl malonate (1.60 mL, 0.01mol), ethyl 2-cyanoacetate (1.13 mL), ethyl 3-oxobutanoate (1.30 mL), pentane-2,4-dione (1.00 mL), 2-(ethoxymethylene) malononitrile (1.22 gm) and 2-cyano-N-phenylacetamide (1.60 gm) were reacted with compound 3 to yield (7 -10, 12, 13a, b), respectively. 
3-Amino-3-(3-amino-5-oxo-1-(4-oxo-3-phenyl-3,4-dihdro-2H-chromeno-[2,3-d]pyrimidin-2-yl)-1H-pyrazol-4(5H)-ylidene)propanenitrile (5)
.
Preparation of 3-(2-imino-2H-chromen-3-yl)-1-phenyl-3-(phenylamino) prop-2-en-1-one, (24a) and its derivatives (24b-e).
General procedure: A mixture of the 2-imino-Nphenyl-2H-chromene-3-carboxamide 1 (2.64 g, 0.01 mol) and acetophenone (1.2 ml, 0.01 mol), p-hydroxyacetophenone (1.36 g, 0.01 mol), p-nitroacetophenone (1.65 g, 0.01 mol), o-nitroacetophenone (1.65 g, 0.01 mol) and p-chloroacetophenone (1.54 g, 0.01 mol) respectively, in 20 mL DMF containing 0.1ml of piperidine was refluxed for 8 hr. The reaction mixture was concentrated, cooled then poured into ice/H 2 O mixture the solid product thus so formed was filtered, washed for several times with water to afford 24a -24e derivatives.
Compound 24a. 
Preparation of 2-imino-N,N'-diphenyl-2H-chromene-3-carboxamidines, (25a) and its derivatives (25b-25e).
General procedure: A mixture of equimolar amount of compound 1 (2.64 g, 0.01 mol) and aniline (0.93 ml, 0.01 mol), p-hydroxyaniline (1.09 g, 0.01 mol), p-nitroaniline (1.38 g, 0.01 mol), o-nitroaniline ( 1.38 g, 0.01 mol and p-chloroaniline (1.27 g, 0.01 mol), respectively in 30 mL ethanol containing 0.1 mL of piperidine was refluxed for 5 hr. The reaction mixture was concentrated, poured into ice/H 2 O mixture, and the solid product thus formed, filtered, washed for several times with water and crystallized from methanol. 
Preparation of 4,5-dihydro-5-(2-imino-2H-chromen-3-yl)-N,3-diphenyl-1H-pyrazol-5-amine, (26a) a-nd its derivatives (26b and 27).
General procedure: A mixture of 24a (3.66 g, 0.01 mol) and hydrazine hydrate (0.05 ml, 0.01 mol), phenyl hydrazine (1.08 ml, 0.01 mol) and hydroxylamine hydrochloride (0.69 gm, 0.01 mol) containing 0.1 ml piperidine was refluxed for 8 hr. The reaction mixture was concentrated under reduced pressure and the residue washed with acidified cold water and then triturated with methanol, and the solid product thus formed, filtered, washed for several times with water and crystallized from methanol.
Compound 26a. 
Preparation of 4,5-dihydro-4-(2-imino-2H-chromen-3-yl)-6-phenyl-4-(phenyl-amino) pyrimi-din-2(1-H)-one, (28a), and its derivative (28b).
General procedure: A mixture of equimolar amounts of 24a (3.66 g, 0.01 mol) and urea (0.60 g, 0.01 mol) or thiourea (0.76 g, 0.01 mol) and 0.1 mL piperidine was refluxed for 8 h. in 30 mL of ethanol. The solvent was evaporated under vacuum, and the residue was poured to 30 ml acidified cold water and then triturated with methanol. The product were filtered and crystallized from etha- Preparation of 1, 2, 5, 6-tetrahydro-6-(2-imino-2H-chromen-3-yl)-2-oxo-4-phenyl-6-(phenylamino) pyrinecarbonitrile, (29a) and its derivatives (29b -29e) and (30).
General procedure: A mixture of 24a (3.66 g, 0.01 mol) and cyanoacetamide (0.84 g, 0.01 mol) in 30 ml of ethanol in the presence of 0.1 ml of piperidine was refluxed for 8 h. The reaction mixture was concentrated under vacuum and the residue washed with acidified cold water and then triturated with methanol. The solid product formed was filtered and crystallized from ethanol to afford 29a in 65% yield. In analogously, the Chalcone 24a was reacted with cyanothioacetamide (1.0 g, 0.01 mol), 2-cyano-N-p-tolylacetamide (1.74 g, 0.01 mol), 2-cyanoacetohydrazide (0.99 g, 0.01 mol), 2-cyano-N-phenylacetamide (1.6 g, 0.01 mol) and 2-chloroacetamide (0.93 g, 0.01 mol) to yield the pyridine derivatives 29b -29e and 30 respectively.
Compound 29a. General procedure: A mixture of 24a (0.366 g, 0.001 mol) and 2-aminoprop-1-ene-1,1,3-tricarbonitrile (0.132 g, 0.001 mol) in 30 mL of ethanol in the presence of 0.1 mL of piperidine was refluxed for 8 h. The reaction mixture was concentrated under vacuum and the residue washed with acidified cold water and then triturated with methanol. The solid product formed was filtered and crystallized from methanol to afford 33a in 60% yield. In analogously, the Chalcone 34a was reacted with ethyl 3-amino-2, 4-dicyanobut-2-enoate (1.79 g, 0.01 mol) to yield the pyridine derivative 33b.
Compound 33a. 
Preparation of 3-chloro-4-(2-imino-2H-chromen-3-yl)-1-phenyl-4-(phenyl-amino) azetidin-2-one, (34a) and its derivatives, (34b -34e
Preparation of 2-(2-imino-2H-chromen-3-yl)-3-phenyl-2-(phenylamino) thiazolidin-4-one, (35a) and its derivatives (35b -35e).
General procedure: An equimolar mixture of 25a (0.99 g, 0.003 mol) and thioglycolic acid (0.276 mL, 0.003 mol) in dry benzene (20 mL) was refluxed for 10 h. The reaction mixture was evaporated to dryness under reduced pressure. 
Results and Discussion
The synthetic procedures adopted to obtain the target compounds are depicted in Schemes 1 -10. The starting compound, 2-imino-N-phenyl-2H-chromene-3-carboxamide 1, was prepared according to the previously reported procedure [18] . Thus, refluxing of compound 1 with triethyl orthoformate in dimethylformamide affording 2-ethoxy-2,3-dihydro-3-phenylchromeno[2,3-d]pyrimidin-4-one 2, (Scheme 1). The structure of the later product was based on IR, 1 H NMR, and mass spectra. The IR spectrum of 2 showed the lack of any absorption of the NH functions, and the 1 H NMR spectrum (CDCl 3 ) displayed a triplet at δ 1.2 and a quartet at 3.9 ppm due to the ethoxy protons and a multiplet at 6.7 -7.9 ppm due to aromatic protons, respectively. The MS of 2 showed the [M] + ion at m/z 320 (65%). Furthermore, compound 2 was allowed to react with hydrazine hydrate in ethanolic solution using piperidine as a catalyst yielding 2-hydrazinyl-2, 3-dihydro-3-phenyl-chromeno [2,3-d] pyrimidin-4-one, 3. The structure of 3 was confirmed based on elemental and spectroscopic analysis. The IR spectrum of 3 showed the presence of absorption bands at υ 1670, 3282 and 3432 cm -1 due to CO, NH and NH 2 groups, respectively. The + , 45%). Compound 3 was utilized as a key intermediate for the synthesis of some new pyrazole derivatives based on mild and efficient reaction of compound 3 with some of laboratory available compounds. Thus, Compound 3 reacted with ethyl 3-amino-2,4-dicyanobut-2-enoate in boiling DMF containing a catalytic amount of piperidine. Two isomeric products seemed possible for this reaction 5 or 6, (Scheme 2). Structure 6 ruled out based on analytical and spectroscopic data (IR, 1 H NMR and MS). Thus, the IR spectra of the product 5 showed the presence of absorption bands at υ 1699, 2219 and 3422 cm -1 due to C=O, CN and NH 2 groups, respectively. Accordingly, the 1 H NMR spectrum (DMSO) of the product 5 showed three singlet signals at δ 2.9, 3.5 and 3.7 due to the methylene and two NH 2 groups respectively, and a multiplet at 6.7 -7.9 ppm, due to aromatic protons. The MS of 5 displayed [M] + at m/z 439 (60%). It is note worth that, trial to cyclise 5 in boiling pyridine was unsuccessful, (Scheme 2).
Also, compound 3 reacted with diethyl malonate in boiling DMF containing a catalytic amount of piperidine af- spectroscopic analysis. The IR spectra 7 showed the presence of absorption band centered between υ 1685 -1705, 3212 cm -1 due to CO and NH functions respectively. Accordingly, the 1 H NMR spectrum (CDCl 3 ) of 7 showed three singlet signals at δ 3.2, 5.8 and 8.1 ppm due to the methylene, methine and NH pyrazole ring protons respectively, and a multiplet at δ 6.1 -7.8 for aromatic protons. The MS of 7 displayed m/z at 374 ([M] + , 55%). Similarly, compound 3 was allowed to react with ethyl 2-cyanoacetate, ethyl 3-oxobutanoate and pentane-2,4-dione to afford the corresponding pyrazole derivatives 8 -10 respectively, (Schemes 3).
Likewise, compound 3 was reacted with 2-(ethoxymethylene) malononitrile and 2-cyano-N-phenylacetamide gave the corresponding pyrazole derivatives 12, 13a, b respectively, (Scheme 4). While the reaction of compound 3 with nitrous acid afforded the tetrazolo[1,5-a]pyrimidine derivatives 11, (Scheme 4). The structure of these compounds was in agreement with analytical and spectroscopic data. The IR spectrum of 11 showed the presence of absorption bands at υ 1699 cm -1 due to CO group. While, the MS of compound 11 showed m/z at 317 ([M] + , 60%), ( Scheme 4). On the other hand, the hydrazine 3 reacted with aromatic aldehydes afforded 2- H NMR and MS). Thus, the IR spectra of the product 20 showed the presence of absorption bands at υ 1699, 2219 and 3422 cm -1 due to C=O, CN and NH groups, respectively. Accordingly, the 1 H NMR spectrum (DMSO) of the product 20 showed three singlet signals at δ 3.82, 3.98 and 4.61 due to the -OCH 3 , -NH, and methine protons respectively, and a multiplet at 6.7 -7.9 ppm, due to aromatic protons. The MS of 20 displayed [M] + at m/z 475 (62%). We prepared 5-azido-1-(4-oxo-3-phenyl-4,10-dihydro-3H-chromeno [2,3-d] pyrimidin-2-yl)-3-phenyl-2, 3-dihydro-1H-pyrazole-4-carbonitrile 21 from the chloro compound 17 by reaction with NaN 3 in acetone [21, 22] .The structure of 21 was in agreement with analytical and spectroscopic data. The IR spectrum of 21 showed the presence of absorption bands at υ 1699 cm due to (CO) and 3432 -3455 cm -1 due to (NH, NH 2 ) with the absence of any characteristic absorption of (CN) group. The 1 H NMR spectrum of 23 showed four singlet at δ 3.98, 5.21, 6.53 and 9.21 ppm due to the -NH amine, methine of pyrazole ring, amino and imino group respectively, and a multiplet at δ 6.97 -7.81 for aromatic protons. The MS of 23 displayed m/z at 475 (M + , 15%). On the other hand, the carboxamide 1 easily condensed with acetophenone derivatives in DMF containing a catalytic amount of piperidine at reflux temperature to afford chromenochalcones 24a -24e via elimination of water (Scheme 7). The IR spectrum of 24a showed absorption bands at υ 1665 -1705 and 3322 due to CO and NH groups respectively, the Ms of 24a showed m/z at 366 ([M] + , 40%). While, the 1 HNMR spectrum of 24a (DMSO) showed three singlet signals at δ 4.1, 6.5 and 11.5 ppm due to the NH-amine, methylene and NH-imino groups respectively, and a multiplet at δ 7.1 -7.6 for aromatic protons.
Likewise, compound 1 reacts with some aromatic amines to afford the corresponding Schiff's base 25a -25e, (Scheme 7). The IR spectrum of 25a showed the presence of absorption bands at υ 3380, due to NH function, with the absence of any characteristic absorption of a C=O group. The 1 H NMR spectrum (CDCl 3 ) displayed two signals at δ 4.1, 3.7 and 11.5 due to NH-amine, and NH-imino groups respectively, and a multiplet at 7.1 -7.6 ppm, for aromatic protons. While, the MS of 25a showed m/z at 339 ([M] + , 65%).
The reactivity of exocyclic C = C conjugated with the carbonyl group in 24a -24e was investigated by reaction with hydrazines, hydroxylamine, urea, thiourea and some laboratory available active methylene compounds. The nature of the products obtained characterized by elemental and spectroscopic data, indicates that the reaction proceeded via condensation followed by a nucleophilic attack through α, β-unsaturated ketonic group. Pyrazoles/isoxazole derivatives 26a -26b and 27 were synthesized by treating 24a with equimolar ratios of hydrazine hydrate (or phenylhydrzine or hydroxylamine respectively) in ethanol containing a catalytic amount of piperidine, (Scheme 8). The structure of these compounds was established based on analytical and spectroscopic data. The IR spectra 26a showed the presence of absorption band centered between υ 3117 -3293 cm -1 due to NH function, with the absence of any characteristic absorption of a C=O group. Accordingly, the 1 H NMR spectrum (DMSO) of 26a showed four singlet signals at δ 2.9, 4.1, 7.1 and 11.5 ppm due to the proton at C-4 of pyrazole, NH-amine, NH-hydrazide and =NH imino respectively, and a multiplet at δ 7.2 -7.8 for aromatic protons. The MS of 26a displayed m/z at 383 ([M+3] + , 55%). The activation exerted by the carbonyl group on the exocyclic double bond in 24a renders them available for the cyclocondensation addition of various amino compounds such as urea and thiourea. Thus, when the chalcone 24a was reacted with an equimolar quantity of urea or thiourea respectively, (Scheme 7) an initial condensation of one amino group with the carbonyl function occurred releasing water, followed by a nucleophilic addition of the second amino group to the double bond forming 4,5-dihydro-4-(2-imino-2H-chromen-3-yl)-6-phenyl-4-(phenylamino)pyrimidin-2(1H)-ones, 28a and/or thione 28b. The structures of the synthesized compounds were confirmed by analytical and spectroscopic data (IR, 1 H NMR and MS). The IR spectra 28a showed the presence of absorption bands centered between υ 1685 -1705, 3063 -3288 cm -1 due to C=O and NH functions, respectively. The 1 H NMR spectrum (DMSO) of 28a showed four singlet signals at δ 2.9, 4.1, 8.1 and 11.5 ppm due to the proton at C-4 of pyrimidine, NH-amine, NH-amide and NH-imino protons , respectively and a multiplet at δ 7.2 -7.8 for aromatic protons. The MS of 28a showed a peak at m/z 408 ([M] + , 45%). New pyridine derivatives have been prepared via condensation of 24a with the active methylene groups of cyanoacetamide, cyanothioacetamide, 2-cyano-N-p-tolylacetamide, 2-cyanoacetohy-drazide and 2-cyano-N-phenylacetamide respectively, followed by a nucleophilic addition of the amino/imino group to the double bond, afforded 1,2,5,6-tetrahydro-6-(2-imino-2H-chromen-3-yl)-2-oxo(thioxo)-4-phenyl-6-(phenylamino) pyridine-3-carbonitriles 29a -29e , respectively (Scheme 8). The IR spectrum of 29a showed the presence of absorption bands at υ 1689 -1705, 2220 and 3188 -3244 cm -1 due to C=O, CN, and NH functions, respectively, and the 1 H NMR spectrum (DMSO) displayed three singlet signals at δ 2.9, 4.1 and 8.1 due to the proton at C-5 of pyridine, NH-amine and NH amide, respectively, and a multiplet at 7.2 -7.6 ppm, respectively. The MS of 29a showed a peak at m/z 432 ([M] + , 65%). Similarly, compound 24a reacted with 2-chloroacetamide to afford 3-chloro-5, 6-dihydro-6-(2-imino-2H-chromen-3-yl)-4-phenyl-6-(phenylamino)pyridin-2(1H)-one 30, (Scheme 9). Also, 2-(cyanomethyl) benzimidazole, reacted with the chalcone 24a, in ethanol using piperidine as a catalyst gave the 2-(2-imino-2H-chromen-3-yl)-4-phenyl-2-(phenylamino) pyrido[1,2-a]ben-zimidazolo-5-carbonitriles, derivative probably via initial condensation of the activated methylene group with the carbonyl function releasing water, followed by a nucleophilic addition of the NH group at the double bond of compound 24a to afford 31, (Scheme 9). The structure of 31 was assigned based on IR, 1 H NMR, and mass spectra. The IR spectrum showed the presence of absorption bands at υ 2220 cm -1 and 3188 -3244 cm -1 due to CN and NH functions respectively, while that due to C=O was completely disappeared, and the 1 H NMR spectrum (CDCl 3 ) displayed three singlet at δ 2.9, 4.1 and 11.5 due to the C-3 proton, NH-amine and NH-imino protons respectively, and a multiplet at δ 6.9 -7.6 ppm, for aromatic protons. The MS showed the [M] + ion at m/z 505 (35%). Similarly, the chalcone 24a was reacted with amino phenols in ethanolic solution containing a catalytic amount of piperidine to give 2,3-dihydro-2-(2-imino-2H-chromen-3-yl)-N,4-diphenyl-benzo[b] [1, 4] azepine derivatives , 32a, b (Scheme 9). The IR spectrum of 32a showed the presence of absorption bands at υ 3289 cm -1 due to NH function, the 1 H NMR spectrum (DMSO) of 32a displayed three singlet signals at δ 2.9, 4.1 and 11.5 due to the C-3 protons, NHamine and NH-imino protons respectively, and a multiplet at 6.7 -7.3 ppm for aromatic protons. While, the MS of 32a showed a peak at m/z 457 ([M] + , 55%). Also, comund 24a was reacted with 2-aminoprop-1-ene-1, 1,3-tricarbonitrile and/or ethyl 3-amino-2,4-dicyanobut-2-enoate to afford 2-(dicyano-methylene)-1,2,5,6-tetrahydro-6-(2-imino-2H-chromen-3-yl)-4-phenyl-6-(phenylamino)pyridine-3-carbonitrile, 33a and 2-(1-cyano-2-oxobutylidene)-1,2,5,6-tetrahydro-6-(2-imino-2H-chromen-3-yl)-4-phenyl-6-(phenylamino) pyridine-3-carbonitrile 33b, respectively. The structure of these products was established based on the IR spectrum of 33a which showed the presence of absorption bands at υ 2219 and 3289 cm -1 due to C=O and NH functions, respectively. The 
